Purpose: Intensive care unit survivors suffer from prolonged impairment, reduced quality of life, and higher mortality rates after discharge compared to the general population. Socioeconomic status may play a partial but important role in mortality and recovery. Therefore, the detection of factors that are responsible for poor long-term outcomes would be beneficial in designing targeted interventions for at-risk populations.
Background
The burden that arises after intensive care treatment is significant: critical illness survivors can suffer longlasting physical, functional, and cognitive psychological impairments [1, 2] . Disability and mortality after an intensive care unit (ICU) discharge remain high. Moitra et al. recently reported a 1-year mortality of 26.6% in an elderly (> 65 years old) cohort of 34,696 patients, ranging from 19.4% to 57.8%, which was dependent on the ICU length of stay [3] . Only after a period of months to several years does the risk of death in this population return to the level of the general population [4] . Patients who are admitted because of trauma and cardiovascular diseases seem to readjust at the fastest rate, with normal population survival rates being observed immediately after ICU discharge [5] . A significant part of the variation in health is interconnected with socioeconomic status with regard to education, income, or geographical areas of residence and is independent of individual patient characteristics [6] . The assessment of the health-related quality of life of patients' has become more focused in recent decades. For example, a systematic review published in 2005 identified 21 studies that evaluated the quality of life in intensive care survivors [7] . In almost all European countries, groups of lower socioeconomic status and/or educational status experienced substantially higher mortality rates accompanied by lower scores in self-reported healthassessments (e.g., the patients with a higher socioeconomic status showed a greater functional recovery after a myocardial infarction) [8] . In a recently published letter, no association between socioeconomic status and ICU mortality was found in one ICU from a high poverty rate territory [9] . Hence, the role of the socioeconomic burden on mortality and convalescence after a critical illness remains poorly understood. The effects of all levels of socioeconomic status on the health and recovery of individuals need to be further investigated to allow target interventions for both ICU and post-ICU care [10] .
Apart from the severities of underlying diseases, preadmission health statuses and comorbidities, treatments during ICU stays, and psychological and behavioral aspects, we sought to evaluate the effects of socioeconomic status on mortality and health-related quality of life after surviving a critical illness by using the French Deprivation Index (FDep).
Methods

Study design
This report describes an ancillary study from the French and euRopean Outcome reGistry in Intensive Care Units (FROG-ICU) cohort. The FROG-ICU study was a prospective, observational, multicenter cohort study of 2087 patients and was designed to investigate the long-term mortality rates of critically ill adult patients. The study was performed in accordance with the Good Clinical Practice standards and the tenets of the Declaration of Helsinki 2002, was approved by the local ethical committees, and was registered on ClinicalTrials.gov (NCT01367093).
The study design was published previously [11] . Briefly, all patients admitted to any of the 28 participating ICUs in 19 hospitals in France and Belgium were screened for eligibility. The inclusion criteria included the use of invasive mechanical ventilation and/or treatment with a positive inotropic agent for more than 24 h. The exclusion criteria included an age of less than 18 years, a severe head injury, brain death or a persistent vegetative state, pregnancy or breastfeeding, an organ transplantation that occurred in the past 12 months, and a lack of social security coverage.
Of the 2087 patients from the total FROG-ICU cohort, we included 1834 patients in whom the FDep was obtained. As a result of the substudy design, the Belgian deprived patients in the ICU and hospital lengths of stay, ICU mortalities, in-hospital mortalities, or 28-day mortalities. The SF-36 was below the score for the normal French population throughout the follow-up period. Socially deprived patients showed significantly lower median scores in the physical function subscale [55, interquartile range (IQR) (28.8-80) The primary endpoint was an all-cause, 1-year mortality after ICU discharge by socioeconomic status, which was defined in terms of the FDep at the time of study inclusion. For cross-evaluation, each surviving patient was asked to complete a detailed social questionnaire (Supplementary Material) 3 months after ICU discharge. Furthermore, ICU and hospital lengths of stay, ICU mortalities, in-hospital mortalities, and 28-day mortalities were evaluated. Other secondary outcomes included the health-related quality of life, which was represented as the composite of physical and mental recoveries during the 1-year follow-up period by using the Medical Outcome Survey Short Form-36 (SF-36) [12] . The Revised Impact of Event Scale (IES-R) [13] [14] [15] was used to evaluate the symptoms of post-traumatic stress disorder (PTSD), and the Hospital Anxiety and Depression Scale (HADS) [16] was used to screen for anxiety and depression. The SF-36, IES-R, and HADS questionnaires were administered at 3, 6, and 12 months after ICU discharge.
Evaluation of socioeconomic status French Deprivation Index
The FDep is a multidimensional, area-based index that measures socioeconomic differences by using four census-derived variables with two positive and two negative dimensions: the median income per consumption unit or household, the rate of inhabitants educated to the 2-year university level, the unemployment rate, and the rate of blue-collar workers and employees in the labor force [17] . During the application of the index, the patients were categorized into five quintiles for the general French population, into quintiles for the FROG cohort, or were dichotomized as being "deprived", with a FDep score of greater than 0, or as being "nondeprived", with a FDep score of 0 or less. In addition to the FDep, the annual income and the educational level were recorded in a subset of patients who completed a social questionnaire 3 months after ICU discharge.
Social questionnaire
The social questionnaire used in our study contained 21 questions that focused on various aspects of socioeconomic status. The two questions that overlapped with the FDep dimensions (annual income and educational level) were extracted for cross-validation of the FDep itself. The patients were divided into "low" (< 8000-12,000 € per year, n = 84), "intermediate" (12,000-50,000 €, n = 127), and "high" (> 50,000-≥ 100,000 €, n = 32) income groups. Regarding educational level, the patients were grouped into "low" (primary school), "intermediate" (high school/ undergraduate), and "high" (postgraduate) educational levels.
Evaluation of health-related quality of life
The health-related quality of life was assessed using the SF-36, which contained eight multidimensional items with a maximum score of 100. A higher score indicated a better mental and physical function [12] . The physical component scores (physical function, bodily pain, general health, and role limitations due to impaired physical function) were aggregated into a physical health component score (PCS), while the mental health component scores (mental health, vitality, role limitations due to emotional problems, and social function) were combined into the mental health component score (MCS). Normative population scores were evaluated for several countries [18] . In our substudy, we referred to previously determined values for the French general population [19] .
Evaluation of psychological impact Evaluation of post-traumatic stress disorder
The IES-R, which is a widely used symptom scale covering three main symptom clusters (intrusion, avoidance, and hyperarousability), was used to evaluate the symptoms of PTSD after ICU discharge. A cohort-dependent (e.g., a substance abuser or a veteran) cutoff score for the probability of a diagnosis of PTSD can be found in the literature and ranges from 22 to 44 points [13] [14] [15] . In our cohort, a score of 22 points was the threshold for a probable diagnosis of PTSD.
Evaluation of anxiety and depression
The HADS was used to screen for anxiety and depression. The scale contained 14 items in two subscales ("anxiety" and "depression"), with a higher score indicating greater distress. In our cohort, a score of at least 8 points indicated probable anxiety and depression [16] . It had been developed to screen for mental disorders within nonpsychiatric hospitals. In addition, it has been validated for use in general study populations and can be used as a simplified "case finder". Nevertheless, its power to detect anxiety and depression is considered to be inferior to a structured diagnostic interview.
Statistical analysis
The results are expressed as medians and interquartile ranges, or counts and percentages, as appropriate. The continuous variables were compared using the MannWhitney test or the Kruskal-Wallis test, as appropriate. The categorical variables were compared using a Chisquared test if the numbers were greater than 5, or with the Fisher's exact test if the numbers were not greater than 5.
The primary analysis evaluated survival at 1-year after ICU discharge and was evaluated according to the socioeconomic status represented by the FDep category. Covariate-adjusted Cox regression models were used to determine the association between social deprivation and 1-year mortality (i.e., age, gender, alcohol consumption, depression, an infection with the human immunodeficiency virus [HIV], a loss of autonomy, other psychiatric disorders, a cognitive dysfunction, chronic obstructive pulmonary disease [COPD] , malignant tumors, a chronic liver disease, a prior stroke, a prior myocardial infarction, smoking, the Charlson score, the Simplified Acute Physiology Score [SAPS] II value at admission, and the Sequential Organ Failure Assessment [SOFA] score at admission). The danger of death was expressed as a hazard ratio (HR) with a 95% confidence interval (CI). Missing values were not replaced (see tables).
Any p values that were less than 0.05 were considered to show a significant difference. All statistical analyses were performed using R software version 3.1.1 or above (The "R" Foundation for Statistical Computing, Vienna, Austria).
Results
In this study, 1834 patients were included and eligible from the FROG-ICU cohort. The patient characteristics are presented in Table 1 . Of the 1169 (63.7%) patients alive 1 year after ICU discharge, and by using the FDep information (i.e., 100% socioeconomic status data; Fig. 1 ), we obtained complete information on the health-related quality of life in 566 (48.4%) patients and complete information on psychological impacts in 143 (12.2%) patients (Fig. 1 ). The basic comparisons of patients who were and were not successfully followed up to 1 year after ICU discharge are provided in Supplementary Table 1 .
Social deprivation and short-and long-term survival
Among the 1834 patients with available FDep scores, 1228 patients (67%) were categorized as being "nondeprived" and 606 patients were categorized as being "deprived". The patient characteristics are outlined in Table 1 . There were no significant differences in either ICU lengths of stay or ICU mortalities (Table 1) . Among quintiles of the FROG-ICU cohort and the general French population, concordance of 36% was found (Supplementary Table 2) .
Among the 1834 patients with available FDep scores, 1447 (78.9%) patients were discharged alive from the ICU. In those ICU survivors, analyses that were performed according to the quintiles of the FDep of the general French population showed an overrepresentation of patients with a high socioeconomic status (Supplementary Table 3 ). When the ICU survivors were dichotomized, 972 (67.2%) were categorized as being "nondeprived" and 475 (32.8%) were categorized as being "deprived".
No association was found between the 1-year mortality and socioeconomic status, regardless of whether the data were analyzed in the quintiles of the general French population, analyzed in the quintiles of the intensive care survivors of the FROG-ICU cohort (p = 0.911, Table 2 ; p = 0.589, Supplementary Table 4), or analyzed as being dichotomized (nondeprived: n = 177, 1-year mortality 18.2%; deprived: n = 97, 20.5%; p = 0.304; Table 1 ; Fig. 2 ; Supplementary Fig. 1 ). Moreover, we found no significant differences in any of the investigated outcomes (i.e., hospital lengths of stay, in-hospital mortalities, and 28-day mortalities; Table 1 ).
The FDep tends to decrease with a greater urbanization. Therefore, Paris and its suburbs are considered to be less deprived than rural areas. After excluding the central areas of Paris and the "Paris Urban Unit", only 322 patients remained for analysis. Even though this subgroup's median FDep was different [0.29, IQR (− 3.1; 2.
3)], the 1-year mortality remained unchanged (data not shown).
Social deprivation and other secondary endpoints
The health-related quality of life at 12 months after ICU discharge was still lower in our patients than in the normative data for the healthy French population (Fig. 3 ) [19] . However, there appeared to be a general increase in the health status scores over the year following ICU discharge (Fig. 3a, b) . When the quintiles of the general French population were used for analysis, an inverse relationship between the FDep scores and the physical component scale scores at 1 year after discharge was observed, although this relationship was not statistically significant (p = 0.108; Table 2 ). When the quintiles of the FROG cohort were applied, patients with a higher socioeconomic status had better physical component scale scores (p = 0.044; Supplementary Table 4) . Likewise, when the dichotomized representation was used for analysis, the nondeprived patients had better physical component scale scores [47.5 (30-68.8) vs. 54.5 (35-78.8); p = 0.010; Fig. 4a, b ; Table 3 ] than the deprived patients, while the trajectory of the mental component scale was similar in both groups.
No differences were observed between the nondeprived and deprived ICU survivors for the worst values of the HADS or the IES-R at 1 year after discharge (Table 3) . Of note, there were lower response rates to the HADS (40.6% of missing data, n = 588) and to the IES-R (52.3% of missing data, n = 757) questionnaires.
With a cutoff of 22 points, 149 patients from the nondeprived cohort (31.6%) and 70 patients from the deprived cohort (14.7%) were identified as having meaningful symptoms of PTSD. The difference between the groups was not statistically significant.
Income and educational level and outcome parameters
Self-reported data on annual financial resources were obtained from 312 (17%) patients, and data on educational level were obtained from 289 (16%) patients.
The cross-match analysis of annual income and educational level is presented in Supplementary Table 5 . When FDep was applied to the earnings groups, only 25% (n = 21) of the patients from the low annual income group could be categorized as "deprived", with the remaining 75% (n = 63) still categorized as "nondeprived" (Table 4) . Likewise, 28.1% (n = 9) of the patients in the high-income group could still be considered "deprived" (vs. "nondeprived": 71.9%, n = 23) ( Table 4) . A subgroup mortality analysis was not possible, as only two of these 312 patients died within 1 year after ICU discharge.
Among 243 patients with available information, the patients with low annual earnings were discharged from the ICU significantly earlier [median of 9, IQR (5-15.2) vs. 13, IQR (7-21.5) vs. 16, IQR (8, 22) days; p = 0.011; Table 4 ]. This was not true, however, when patients were categorized by educational level. Hospital lengths of stay were comparable among the annual income and educational level groups (Table 4) .
The mental component scale and the physical component scale, both measured at 12 months, were positively associated with the level of annual reported income (as was the worst value during the post-ICU year) ( Table 4) . PCS but not MCS was associated with the level of education (Table 4) .
Regarding psychological impact, a tendency towards higher HADS-Anxiety subscale scores and IES-R scores could be discerned for the low annual income group (data not shown).
Discussion
In this ancillary study of the FROG-ICU that enrolled the largest population of ICU patients at discharge, we observed no association between the social deprivation, as categorized by the FDep, and the outcome in critically ill patients. Overall, this finding could be considered a sign of quality of the French ICU standard operating procedures. However, whether the FDep can determine true differences in socioeconomic status has to be questioned. When the financial domain ("annual income") of the subgroup of patients who answered the social questionnaire was examined, and when they were classified as previously described, a significant difference between economic status and the outcome parameters was revealed. The mental component scale, the physical component scale, and the ICU and hospital lengths of stay vary considerably within the different income groups, and, to some extent, this effect applies to educational levels as well. When the FDep was applied to the previously classified income groups, as mentioned above, a possible contradictory classification may result (e.g., n = 63 individuals considered to be "nondeprived", although they reported an income of < 8000-12,000 € per year). To truly define the impact of socioeconomic status on the healthrelated quality of life and mortality, without applying an easily accessible index, such as the FDep, a validation in a larger cohort, with a more specific investigation than the social questionnaire that we used, would be needed.
It must also be remembered that income and educational level are correlated. It is somewhat surprising that no differences in mortality regarding socioeconomic status could be found in our cohort, which is contrary to previously reported data from several European and American studies. In Europe, for instance, a German study, based on insurance data from 1987 to 1995 and including 416,000 patients, was able to show differences in mortality, depending on the professional status of the individuals. The study reported a four-to fivefold higher risk of long-term mortality for unskilled insured workers, compared to high-level executives [20] . When considering medical conditions, a social gradient in female breast cancer patients could be shown in a Geneva-based study, regarding mortality and socioeconomic status with respect to occupation [21] . The associations of the risks of ICU admission with sepsis and socioeconomic status in critically ill patients were recently reported in a Danish study [22] . Furthermore, a very recent German study, focusing on surgical intensive care patients, described a longer duration of mechanical ventilation in patients with unfavorable socioeconomic characteristics, such as a high number of people per household [23] . In the USA, when solely analyzing a geographically limited area, namely, Baltimore, and when dichotomizing the neighborhoods by median income level, the authors showed an association between lower household income communities and higher rates of death from sepsis [24] . Likewise, a nationwide cohort analysis study demonstrated that patients with sepsis who lived in the lowest median income quartile had a higher risk of mortality compared to residents of the highest income quartile after adjustment for the severity of illness [25] . This finding could be due to a late stage diagnosis in minority and low income groups, as was also reported in cancer patients in the USA [26] . Globally, when analyzing a large multinational study that covered 50 different countries, the authors found a high national income per capita in intensive care patients with acute respiratory distress syndrome (ARDS), with this high national income per capita also being associated with an increased survival [27] . As a result of our study design, the patients without insurance were excluded, and no further investigations regarding insurance status were made. However, excluding patients without health insurance might have created a selection bias and could also be one reason why no differences were found. Indeed, an Australian study found a reduced in-hospital mortality for ICU patients with a compensable status of insurance, although postdischarge ICU patients were not studied [28] . According to those studies, socioeconomic status influences outcomes in the critically ill, which is consistent with our results based on the social questionnaire. Hence, the deprivation index likely only focuses on a relevant portion of socioeconomic status. Another aspect that could reduce the ability to show differences in outcomes among different socioeconomic status groups, as defined by the FDep, is the fact that the greatest portion of our study sample was derived from the Paris Urban Unit. As differences among outcome parameters for both groups remained unchanged, the FDep seems reliable in this context. However, this could be investigated in future studies by using other indexes (e.g., the French European Deprivation Index, FEDI).
The only statistically significant difference between the socially nondeprived and deprived survivors of critical illness was in the physical component scale at 1 year after ICU discharge. Likewise, with regard to financial resources, the low annual income group had significantly lower scores for the physical component scale and the mental component scale, with gradual increases observed with greater earnings. It remains unclear whether this difference was due to a lack of physical activity, a lack of support from cohabiting partners and family or limited access, or a lack of compliance, when it concerned followup consultations with the family doctor, or whether it is connected to the lower self-reported baseline quality of life in the socially deprived individuals. The 2017 OECD (Organisation for Economic Co-operation and Development) Health at a Glance [29] statistics emphasized the differences in health perception based on income, with 80% of "good" self-reported health being present in the fifth quintile (the highest income group) and less than 60% being present in the lowest income group. Additionally, in all OECD countries (including France), except for New Zealand, Canada, and Australia, men were more likely to report being in good health [29] . Therefore, as a result of those variations, the overall perceived health status and self-reported SF-36 scores might differ to a certain extent.
The proportions of patients in our cohort with symptoms of anxiety (22.3-26 .1%), symptoms of depression (18.7-30.4%), and self-reported PTSD-like symptoms (9.5-15.1%) after critical care are in concordance with previously reported data [30] .
For the evaluation of the health-related quality of life, anxiety, and depression, we used a previously validated cutoff of 100 or less in the SF-36 and 8 or higher in the HADS and found no differences among the groups, which suggested no influence of socioeconomic status. However, for the IES-R, a wide range of known possible cutoffs have been reported, thus rendering it rather difficult to find true differences.
Limitations of the study
We acknowledge that this study has several limitations. First, the observational nature of the data and the lack of a control group hindered confirmation of causality and specific interactions of socioeconomic status on the outcomes. Second, we had no data on several variables that have a major impact on the reported results (i.e., patient compliance and overall behavior [e.g., a readiness to assume risk] and socioeconomic status after hospital discharge), some of which could be compared to the status prior to ICU admission. Additionally, the causes of death after ICU discharge are not known in the FROG-ICU cohort. Third, for all of the presented scores, a baseline status would provide further valuable information for the interpretation of our results. Fourth, instead of comparing our results with the normal French population, it would be interesting to compare the baseline status of hospitalized patients in general and of intensive care patients in particular. Fifth, the unverified answers to the social questionnaire and the rather low percentage of completed overall questionnaires could have biased the results. Sixth, the FDep has not been validated in critical care settings to date. Seventh, our study mostly included hospitals from urban areas and not from "rural" or "quasi-rural" areas (fewer than 10,000 inhabitants); therefore, an aggregation bias could be assumed. As previously described by other authors, it is not fully clear if the gradient described by the FDep truly represents the differences between rural and urban areas. For example, when the FEDI or the Townsend index was used, opposite gradients were observed with deprivation when related to the degree of urbanicity [17] . Therefore, our study did not have a primary focus on explaining the gradient between the urban and rural areas; rather, this study assessed the association between socioeconomic status (using FDep) and outcomes. However, being aware of the aggregational bias and possible gradient between the rural and urbanized geographical regions, we excluded the Paris cohort, as described for the crosschecking analysis. Eighth, the entire study population belonged to the same country, which makes it difficult to extrapolate the results to ICUs in other countries and with other ethnicities. However, the findings of this "real-world" European registry are easier to translate to the general ICU population. Additionally, not all of these limitations are major issues, and the results of our study are unexpected and warrant further exploration in clinical research settings.
Conclusions
The present study showed no association between 1-year mortality and social deprivation evaluated by the French Deprivation Index. However, long-term physical recovery appeared to be poorer in the socially deprived ICU survivors. In addition, prolonged psychiatric symptoms are common and affect an already vulnerable and slowly recovering patient group. Hence, interventions that occur after ICU discharge should target physical function. Moreover, regular postdischarge screenings for anxiety, depression, or PTSD-like symptoms, as well as an outpatient program with a low threshold for appointments, should be provided for ICU patients.
As critical illness survivors still have more physical and psychological impairments, a lower quality of life, and higher mortality rates than the general population, additional barriers that are created by socioeconomic status should be further investigated, although the best index for determining the differences in health after ICU care remains to be determined. Whether the French Deprivation Index is able to represent the true socioeconomic status has to be further evaluated in a larger cohort of patients, either through the use of the social questionnaire or a similar tool. 
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